d i f f u s i o n o f C02 through t h e CaC03 product. Addition o f Li2C03 has been proved e f f e c t i v e i n modifying t h e CaC03 layer, up and below t h e e u t e c t i c temperat u r e (935 K). This study deals w i t h the m i c r o s t r u c t u r e development o f Li2C03, CaC03 and Li2C03-CaC03 e u t e c t i c m i x t u r e i n C02(g) and N2(g) a t 800 K. At t h i s temperature C02(g) enhances the s i n t e r i n g o f CaC4and reduces t h e g r a i n growth o f Li2C03 c r y s t a l 1 i tes. A t temperatures below t h e e u t e c t i c one these features have been observed a1 so w i t h i n the e u t e c t i c mixture. Accordingly, the p r o t e c t i v e l a y e r o f CaC03 formed i n t h e CaO carbonatation has a more open microstructure, and the r e a c t i o n r a t e between C~O and C02 i s increased.
I -INTRODUCTION
I n a recent paper /1/ we reported the e f f e c t s o f Li2C03 on t h e r a t e r e a c t i o n o f C02 w i t h low-surface area CaO. No i n t e r a c t i o n s have been found between Li2C03 and CaO powders, w h i l e t h e a d d i t i v e changes t h e CaC03 l a y e r m i c r o s t r u c t u r e according t o temperature dependent r e a c t i o n paths. For a tenperatwe equal t o or greater than themelt; i n g of the Li2C03-CaC03 e u t e c t i c mixture, the CaC03, which form a p r o t e c t i v e c o a t i n g on CaO, i s dissolved and r e p r e c i p i t a t e d as l a r g e CaC03 c r y s t a l s /I/. For aTemperature below t h e e u t e c t i c one, changement i n the CaCO m i c r o s t r u c t u r e was observed, but i t s nature was q u i t e unknown. This paper has been $esigned t o study the l a s t t o p i c . Progressive s i n t e r i n g phenomena were observed /2,3/ on the CaC03 l a y e r formed on t h e CaO surface. There are reasons t o b e l i e v e /4/ t h a t t h e C02(g) gaseous environment affects t h e m i c r o s t r u c t u r e o f the p r o t e c t i v e carbonate l a y e r . Furthermore, Li2C03 a t a temperature near and below the e u t e c t i c one might vaporize. This step i s influenced by the presence o f C02(g). By analogy w i t h o t h e r ceramics products /5,6,7/, t h e Li2C03 m i c r o s t r u c t u r e development, therefore, might be r e l a t e d t o the nature o f t h e gaseous environment. According t o these indication's, t h i s paper deals w i t h the microArticle published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1986179 s t r u c t u r e development o f CaC03, Li2C03 and e u t e c t i c Li2C03-CaC03 mixture i n C02(g) and i n Np(g) environment a t a temperature (800 K) below the e u t e c t i c one (935 K).
I 1 -EXPERIMENTAL METHODS
Reagent-grade CaC03 and Li2C03 powders were used throughout t h i s work. To obtain the e u t e c t i c m i x t u r e t h e powders were mixed, i n the r i g h t p r o p o r t i o n (43.4 % w/w CaC03). i n a Spectro-Mill f o r 10 minutes w i t h agata mortar and pestles. No contaminations were observed on t h e f i n a l powders. Discs o f 25 m m i n diameter and 1 m m i n h e i g h t were produced from these m e t -s with a stainless mould using a pressure o f 100 MPa f o r 1 minute. Equal specimens were prepared from CaC03 and Li2C03 powders. The samples heat-treatment were made i n a thermobalance. For the runs i n COP the apparatus was evacuated and then 101 kPa o f dry C02 was introduced a t room temperature. I n s t a t i c conditions t h e temperature was r a i s e d a t a r a t e o f 10°C/min up t o 800 K. The samples were l e f t a t t h i s temperature f o r 45 hours, then they were cooled a t room temperat u r e w i t h a c o o l i n g r a t e o f 10°C/min. To detect i f any weight v a r i a t i o n s was occuri n g during t h e heat-treatment, t h e thermobalance s e n s i t i v i t y was s e t a t 4~1 0 -~ g/sec. The same s e t o f operations were made when t h e samples were thermal t r e a t e d i n dry N2(g) a t 101 kPa and s t a t i c conditions. S.E.M. observations were made on f r e s h f r a ct u r e d sections covered w i t h a 20 nm g o l d l a y e r .
I 1 1 -RESULTS AND DISCUSSION
CaCO, powders m i c r o s t r u c t u r e development CaC03 i i i t i a l p e l l e t s were made up by b l o c k -l i k e p a r t i c l e s w i t h very w e l l defined and sharp edges ( F i g . l a )
. The soape o f these blocks i s very near t o small s i n g l e -c r y s t a l s o f c a l c i t e w i t h an average dimensions ranging between 20 pm and few microns. The smallest p a r t i c l e s have plane symmetry and remind t h i n cleavage c a l c i t e planes (1011). The p a r t i c l e s d i s t r i b u t i o n i n s i d e the p e l l e t s i s very random and uniform throughout the cross section. The heating period o f these specimen i n dry N a t 800 K f o r 45 hours causes a r a d i c a l changement i n the p a r t i c l e s shape (Fig. Ib ).
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The smallest i n i t i a l p a r t i c l e s . p r a t i c a l l y disappear and the remaining have an average dimension o f about 10 Urn. Furthermore, the edges are smoother anda "mosaic" s t r u c t u r e w i t h w e l l defined g r a i n boundaries i s formed. A l l these features are suggesting t h a t s i n t e r i n g o f CaC03 p a r t i c l e s i s e f f e c t i v e a t 800 K i n d r y N2(g). Some f a c e t i n g probably because of v q r phase transport, was observed even i f no weight changement was recorded w i t h i n the heating period, and a t the s e n s i t i v i t y o f 4~1 0 -~ g/sec. however, if nodetectable weight losses were occuring, these might be stopped i n CO (g) environments. F i g . l c shows the r e s u l t s . The s i n t e r i n g process i s c l e a r l y enhanged, and the CaC03 m i c r o s t r u c t u r e looksdenser than t h a t obtained from the heating period i n d r y N2(g). I f we r u l e -o u t the e f f e c t o f vapor-phase t r a n s p o r t on the s i n t e r i n g o f CaC03 a t 800 K, i t might be observed t h a t the enhancement observed i n C02 has t o be connected w i t h the s o l u t i o n chemistry o f C02 i n CaC03(s). As R. K. Shukla /4/ pointed-out, t h e CaC03 can be viewed as a non-stoichiometry compound described as t h e pseudo-binary s o l u t i o n CaO-(C02)1+6, where d e l t a i s a srnall b u t measurable q u a n t i t y . Furthermore,it has been reported /8/ t h a t CaC03 g i v e s -o f f s i g n i f i c a n t amount o f C02 p r i o r t o i t s decomposition t o CaO. I f so C02(g) a t 800 K might d i f f u s e i n s i d e the CaC03 l a t t i c e and enhance the m o b i l i t y o f the d i f f u s i n g species. Further studies are requested t o go i n t o d e t a i l o f t h i s process. For the present we p o i n t -o u t t h a t C02 environment does promote t h e s i n t e r i n g o f CaCG3, and consequently, i n t h e r e a c t i o n between CaO(s) and C02(g), the d i f f u s i o n o f C02 through t h e CaC! I 3 l a y e r becames a c r i t i c a l step a l s o because the gas increases the s i n t e r i n g o f the p r o t e c t i v e l a y e r .
2. Li7C03 powder m i c r o s t r u c t u r e development Li2C03 i n i t i a l p e l l e t s were made-up by p a r t i c l e s w i t h a p r e f e r e n t i a l parallelogram shape,_5 um long and 1 pm l a r g e (Fig. 2al . The p a r t i c l e s d i s t r i b u t i o n i n s i d e the the discs i s very random and uniform along the cross-section. During t h e heating period o f 45 hours a t 800 K i n d r y N2(g) a weight l o s s o f 3 mg .equal t o t h e 2.7 % o f Li2C03 decomposition was observed. The correspondent p a r t i c l e s morphological v a r i a t i o n s are shown i n F i g . 2b. P a r t i c l e s c l u s t e r o f about 20-25 vm are observed. On some p a r t i c l e s , faceting steps have been seen. The m e l t i n g temperature o f Li2C03 i s equal t o 1008 K. A t 800 K, the observed f a c e t i n g might be due t o vapor phase transport. I f f o r t h e p r e s e n t we assume t h a t t h e e f f e c t o f v a p o r t r a n s p o r t i s merel y t o c o n t r i b u t e t o neck growth and hence retards d e n s i f i c a t i o n o r shrinkage by volume d i f f u s i o n process, the l a r g e g r a i n s i z e Li3C0, p a r t i c l e s might be connected w i t h neck formations between very near i n i t i a l paFtiGles. The necks formation should proceed by c l u s t e r zone, which remain s p l i t because of the r e l a t i v e low temperature. A decreasing i n vapor-phase t r a n s p o r t should g i v e a smaller g r a i n size. This i n f e rence has been confirmed b y t h e r e s u l t s obtained i n C02 environment. No weight l o s s was recorded f o r the experiment c a r r i e d -o u t i n C02 a t 800 K w i t h i n t h e s e n s i t i v i t y o f 4x10-5 g/sec. As F i g . 2c shows g r a i n s o f about 5 urn i n average dimension are t h e t y p i c a l features o f these microstructures. The a1 1 cross section looks q u i t e uniform, and, as the f i r s The degree o f mixing has been found q u i t e uniform along the 7 m i cross section. Heating i n d r y N2 f o r 45 hours a t 800 K produces a s i g n i f i c a n t changement i n t h e above microstructure. From t h e thermobalance i t was recorded a weight l o s s equal i n percentage t o t h a t observed from t h e discs o f Li2C03 alone. The r e s u l t i n g cross-section i s dense and uniform. The main features (Fig. 3b) i s made-up by l a r g e grains (about 20-25 um) o f the type observed i n samples o f pure CaCa3 and Li2C03 heated i n d r y N2 under the same experimental condit i o n s . Whithout chemical analysis i t i s impossible t o e s t a b l i s h the chemical compos i t i o n o f these grains; howeverathe m i c r o s t r u c t u r e developed looks as a coupled complex s t r u c t u r e o f Li2C03 and CaC03. This n i g h t be reasonable since we are dealing w i t h an e u t e c t i c composition and the phase diagramm /9/ does n o t show any s o l i d s o l u t i o n between Li2C03 and CaC03 below the e u t e c t i c temperature. Nevertheless,it i s i n t e r e s t i n g t o observe t h a t the grains are w e l l j o i n e d and some i n t e r a c t i o n between the two carbonates might be possible i n a narrow range. Neglecting t h i s p o s s i b i l i t y , below the e u t e c t i c temperature t h e m i c r o s t r u c t u r e might be conceived as formed by two "quasi" independent s t r u c t u r e s . This behaviour has been confirmed by the observations corresponding t o the e u t e c t i c mixture heated i n Cop under t h e same temperature conditions and f o r equal period o f time. Fig. 3c shows t y p i c a l r e s u l t s f o r these samples. Large grains (about 15 um), w e l l j o i n e d according t o a "mosaic" structure, ( t h e same n o t i c e d f o r CaC03 powders w i t h o u t Li2C03), are mixed w i t h a f i n n e r m i c r o s t r u c t u r e t h a t has been observed f o r Li2C03 powders alone heated i n C02. The n e t r e s u l t i s the formation o f a more open m i c r o s t r u c t u r e throughout the 1 m m cross section. Accordingly,the greater r e a c t i o n r a t e between CaO and C02 observed i n presence o f Li2C03 /1/ below the e u t e c t i c temperature might be ascribed t o the e f f e c t o f C02 on t h e Li2C03 m i c r o s t r u c t u r e development. As we p o i n t -o u t i n the previous items, the C02 has double e f f e c t . From one side i t increases the s i n t e r i n g r a t e o f the CaCg3 formed during the carbonatation. from fne other side i t i n h i b i t s the g r a i n growth o f t h e Li2C03 p a r t i c l e s . I f Li2C03 and CaC03 form a v e r y w e l l mixed systen~, t h e r e s u l t i n s c o a t i n q i s l e s s dense and, t h e r e f o r e , t h e COP can reached more eas1.y t o t h e CaO s u r f a c e . --F i g u r e 1 -Scanning e l e c t r o n micrograpns o f t r a c t u r e s u r f a c e s o f CaC03: a) s t a r t i n g powders, b) sample h e a t e d a t 800 K f o r 45 hours i n d r y N2(g), c ) sample h e a t e d a t SO3 K f o r 45 hours i n CO?(g).
t conclusion, we can say t h a t C02 reduces t h e g r a i n growth o f Li2C03 p a r t i c l e s a t 800 K. For comparison w i t h the r e s u l t s discussed i n tne above section, we might i n f e r t h a t C02 does n o t d i f f u s e i n s i d e the Li2C03 l a t t i c e as e a s i l y as i t can do ,wi t h i n t h e CaCO? one. Further i n v e s t i g a t i o n s are r e q u i r e d t o prove t h i s p o i n t . 3. L i Cog-CaC03 e u t e c t i c m i c r o s t r u c t u r e development F~~% -S~O W S t y p i c a l m i c r o s t r u c t u r e o f s t a r t i n g e u t e c t i c Li
micrographs o f f r a c t u r e s u r f a c e s o f Li2C03: a ) s t a r t i n g powders, b ) salnple heated a t 800 K f o r 45 hours i n d r y N3(g), c ) sample h e a t e d a t 830 K f o r 45 hours i n C03(_g).
F i a u r e 3 -S c a n n n q e l e c t r o n CaC03 m i x t u r e : a) s t a r t i n g powders, b ) sample h e a t e d a t 800 K f o r 45 h o u r s i n d r y N2(g), c ) sample heated a t 800 K f o r 45 hours i n C02(g). ( b a r = 5 vm).
I V -CONCLUSION I n the framework o f studies o r i e n t e d t o increase the degree o f r e a c t i o n between CaO and C02 i n presence o f additives, t h e present paper has obtained the f o l l o w i n g r e s u l t s on the i n f l u e n c e o f gaseous environment on the m i c r o s t r u c t u r e o f the coating layer: 1 ) CaC03 l a y e r s change t h e i r m i c r o s t r u c t u r e according t o the nature o f the gaseous environment. At 800 K both N2 and C02 increase t h e average p a r t i c l e size, b u t C02 i s more e f f e c t i v e i n producing denser layers. 2 ) The a d d i t i v e p a r t i c l e s o f Li2C03 a t 800 K i n d r i e d N2 increase t h e i r dimensions probably because vapor phase t r a n s p o r t . I n presence o f C02 t h i s mass t r a n s p o r t i s reduced and the p a r t i c l e s i z e remain very near t o t h e i n i t i a l one. 3) CaC03-Li2C03 e u t e c t i c mixture a t 800 K behave as two "quasi" independent systems. Therefore i n presence o f C02 the m i c r o s t r u c t u r e o f the coating l a y e r made up by the two carbonates w i l l be l e s s denser than t h a t o f the CaC03 one. This e x p l a i n why the CaO has a greater degree o f conversion w i t h C02 i n presence o f Li2C03 a t 800 K.
